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PRELIMINARY INVESTIGATIONS OF DUNES OF THE GAWLER
RANGES PROVINCE, SOUTH AUSTRALIA

by E. M. CAMPRELLY C. R, TWIDALE* . T. HUuTTONT & ] R, PRESCOTT#

Summary

CAMPBELL, E, M, Twipalr, C. R Hurron, L 1. & Prescorr, 1. R, (1996) Prelininary investigations of dunes
of the Gawler Ranges province, South Australin. Traps. R Soc. 80 Ause, 12001), 21-36, 31 May. 1996,

Three lields of dunes have developed in the recent past within the Guwler Ranges in the arld-semiarid interior
of South Australia, The dunes (lunettes, parabolic dunes, transverse duncs. linear dunes, climbing dunes and
lalling Juncs) are essentially relic forms. were active about 4000 years BF and are now stabilised by vepetalion
though strong winds still cause occasional sand movement. Some of the dunes deronstrale sand ranspore over
distances of at least 25 km, The origin of the vartois morphological dune types is discussed. Supply of sand.
(e moisture content of the substrate, the vegetation cover and wind speed and dirceton are al! important. Topography
influences the morphology of the dunes in various ways and 15 fundamental to any explanation of climbing and

[ulling dunes.

Ky Worns: Gawler Ranges, Tuneties, parabolic dunes, trunsverse dunes, linear dunes, climibing dunes, falling

dunes, thermoluminescence dating,

Introduction

In the mid-latitude deserts extensive fields of sapd
dunes are restricted to plains, Sand dunes have,
however, been reported from desert uplands where
topographic obstacles deflect or funnel the regional
airflow and produce depositional forms and patferns
different from the essentially regular and repeated
formations found in the Junefields of the adjacent
plains (Wilson 1973; Smith 1982). They include sand
shadows of various types. sund sheets, obstacle dunes
and climbing and falling dunes (Planhol & Rognon
1970; McKee 1979; Mainguet 1984; Greeley & [verson
1985). The Gawler Ranges, located in the arid-semiarid
interior of South Australia, 15 a desert upland within
which three fields of sand dunes have penetrated the
valleys between the bornhardt massifs and in some
areas have overridden the low domical hills (Fig. 1, h).

Geologic Background

The bornhardts of the Gawler Ranges are developed
in a layered sequence of silicic voleanic rocks (mdinly
rhyolites, rhyodacites and dacites) of Mesoproterozoic
age (1592 + 2 Ma - Fanning ¢ al. 1986). The volcanic
rocks consist predominantly of subaerially erupted
ignimbrites (nuées ardentes deposits), welded to
varying degrees, and with local occurrences of basaltic
lava and agglomerate. They were intruded by granites
of the Hiltaba Suite (1485 < 16 Ma - Creaser 1989
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cited by Blissett e7 al. 1989; see also Flint 1993) which
now occur extensively in the western part of the upland,
in the Kondoolka and Hiltaba areas. as well as in small
isolated outerops near Kokatha Homesteud (H.5.) and
Lake Everard H S. They are also exposed to the W,
SW and S of the Ranges.

Where exposed, both the volcanic and granitic
crystalline rocks arc massive and compact but a well
developed system of arthogonal fractures trending
NNW and NE, and incloding also latitudinal and
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Fig. la. The Gawler Ranges province, showing location of
the study site in South Australia (inset), localitiex mentioned
in the text and average snnual isohyets (mm), The
Corrobinnie Depression dune samples analysed by Gostin
were colleeted from dunes adjacent o the road from
Wirralla o Hiltaba H S.
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meridional sets, has been explonted by weathering and
erosion to form rhe major valley systems of the Ranges
(Campbell & Twidale 1991). The summit and upper
slopes of the bornhardts are essentially devoid of any
weathered matenals, though isolated patches of regolith
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Fig. 1b. The geology, including duneficlds, of (he Gawler
Ranges province (after Williamns 1994). A, Hiern Dunefield,
B. Piccadilly Dumefield. C. Moonaree Dunefield. [
Beacon Dunefield. E, lkina Duncticld F. Serubby Peak
Dunefield
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Fig. lc. Schematic diagram showing location of lunetes, linear
dunes and parabolic dunes of the Gawler Ranges province,
South Australia. The orientation of the linear dunes is also
indicated. Not all dunes are shown,
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are preserved on the lower slopes, as for example 7
km east of Nonning H 5., and in the valley floors drill
cores and dam sections indicate that the volcanic
materigl is weathered 1o depths of up to 50 m.
Inchvidual bornhardts attain heights of over 460 m in
the S, but they decline in efevation to the N (e.g. Nukey
Blulf ¢, 460 m, Mt Nott 430 w1, Bond Hill 336 m,
Chitanilga Hill 317 m, Nuckulla Hil 256 m, Mortimer
Hill 232 m - see Fig. la). The upland 15 bounded on
its SW and § sides by an escarpment which, though
dissected and rising vnly 150200 m above the
surrounding  plain, s nevertheless, and  viewed
regionially, linear and imposing, so riuch so that the
explorer E. ). Eyre was led to describe the Gawler
Ranges us “d vast mountain mass rising abraptly ow
of the low scrubby countey™ (Eyre 1845). Ta the N_
W.and E the reliet amplitude diminishes and the hills
peter out as the plains become more and more
extensive.

The bornhardts of the Gawler Range pravince have
evolved in two major stages. The first invalved
planation and fracture-controlled differential subsurface
weathering m Jurassic ot earher umes, the second, the
stripping, of the regolith in the Early Creticeous to
expose bevelled domical forms. Remmants of the etch
planation surface represented by the summir bevels an:
particularly well preserved in the south, There has been
only minor erosion of lhe ranges since the Mesozoiv
(Campbell 1990'; Campbell & Twidale 1991).

Numerous salinas, including lakes Gairdner, Harris,
Everard and Acraman and many small saline playus.
occupy low lylng areas i valleys and plains. The
depression occupied by Lake Acraman 1 the site of
an ancienl meteorite impact (Williams 1994) - The large
lakes stand about 120 m above sea level, They are the
termimi of ¢lased drainage hasing most of which are
not much larger than the lakes themselves.

Climate

At present the ared is semuarid in the 8 prading to
arid in the N (Fig. 1a). In the south there is & pro-
nounced winter rainfall maximum, produced predom-
inantly by the casterly passage of cold fronts, but a
significant proportion of the rainfall is derived from
occasional influxes of moist tropical air. In the north
the rainfall is derived froni bath these sources and the
annual distribution 1$ more uniform (Fig. 24; Bureaw
of Meteorology 1993a). Summers are hot and winters
cool. Annual evaporation is gbout 2700 mim, with a
mean monthly evaparation ranglng from about 80 mm
in June to 390 mum in January.

The only records for modern wind regimes in the
area are from Nonning (Fig. 2b). In summer, sand-
moving winds (stronger than about 20 km per hour)
blow predominantly from SE, S and SW. In winter,
strong winds blow from several quarters but N, NW
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and SW winds are important (Bureau of Meteorology
1993h). Woomcra, located more than 100 km to the
NE of the Ranges, experiences predominantly SE-§
{total) winds in summer although in winter, winds are
more variable, but with a strong N and NW-SW
component. Al Ceduna, 100 km to the W, in surnmer
SE, S and SW winds predominate, whilst in winter
NE through NW-SW winds are most common (Bureau
of Meteorology 1988; Fig. 2¢).

The Dunclields

The Australian dunefields form a huge whorl of

linear dunes aroond the centre of the enntinent (Brook-
field 1970; Wasson et al. 1988), though it is not estab-
lished whether all the sectors of the pattern were
formed by winds related to one and the same
atmospheric system or that they were ever active at
the same time, The Australian desert dunes ure
characteristically long, parallel sand ridges extending
unbroken over tens and even a few hundreds ol
kilomctres. Many are asymmetrical in cross-section
and display tuning fork or Y junctions. They are
generally restricted to the desert plains (Madigan 1936,
1946, Woptner & Twidale 1967),

Although Ihe precise mechanism of formation is
debated, and it is likely that the dunes originate in
various ways (McKee & Tibbetts 1964; Woplner &
Twidale 1967; Brookfield 1970; Tsoar 1989; Tsco
1993), some are apparently initiated in the lee of
lunettes or other accumulations of sand (Twidale 1972)
and extend in a downwind direction. There s a mild
controversy as to whether the sand of which the dunes
are built is of local derivation (Folk 1971; Wasson 1983)
or whether it is essentially exotic and far-travelled
(Wopfner & Twidale 1967). The Gawler Ranges
dunefields yield evidence germane to this problem.

Immcdiately to the W of the Gawler Ranges the
linear sand ridges of the Great Victoria Desert. the
southcrn part of the great Australian dune pattern, trend
WNW to ESE and there are zones of parabolic duncs.
Within the Gawler Ranges province the sand dunes are
more varied and lunettes, transverse dunes, and
climbing and falling dunes, as well as linear and
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Fig. 2a. Mean monthly minfall and mean number of rain days
for Moonaree and Nonning (Bureau of Meteorology 1993a).
Length of record: Muoonaree - 108 years, Nonning - 90
years.
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Fig. 2b, Nonning wind dats (Burean of Meteorology 1993b).
The percentige of calm observations is indicaled in the
centre of the rose. Length of record 23 years.
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Fig. 2¢. Wind roses for Woomera and Ceduna (Burcau of
Meteorology 1988). The percentage of calm observations
is indicated in the centre of the rose.
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parabolic dunes, are developed. Some are stable, but
others are occasionally maobile.

Three fields of dunes penetrate the uplands (Fig. 1b).
In the N, the Hiern Dunefield extends WNW to ESE
between the Kokatha hills and Lake Everard to the
western shore of Lake Gairdner. The dunes are
predominantly linear forms. Dunes also occur N of
the Ranges and also on some of the islands within Lake
Gairdner. In the same latitude, and to the lee of a major
lunette developed on the E shore of Lake Gairdner,
the Piccadilly Dunefield extends eastwards for 35 kin
across the plains located between Lake Gairdner and
Island Lagoon. Here linear sand ridges and parabolic
forms are well developed und some luneties occur on
the eastern margin of small salinas.

The Moonaree Dunefield occupics the plain between
the volcanic Everard hills to the N and the granitic
Kondoolka hills to the S and extends eastwards to Lake
Acraman. In this part of the Moonaree Duneficld there
is a sharp boundary between parabolic dunes to the
S and linear sand ridges to the N. Dunes occur on
islands within Lake Acraman and on its eastern shore.
To the NE of Lake Acraman the plain carries a veneer
of sand but dune forms are abscnt. Further to the E.
however, linear sand ridges are again developed and
cxtend as far as the shore ol Lakc Gairdner.
Inumediately to the W of this salina, some of the dunes

2SmitH, D, M. (1976) The denudation chronology of the
southern Gawler Ranges and adjacent areas, MA 1hesis,
University of Adelaide (Unpub.)

[riara

Fig. 3. Linear sand ridges of the Scrubby Peak Dunefield funnelied along broad valleys between the bornhardts of the southern

override the low voleanic hills forming climbing and
lalling dunes. The Beacon Duneficld (the Black Quk
duneficld of Smith 1976%) extends eustwards from the
E shore of Lake Gairdner, again in the Ice of a major
lunette. This ficld consists mainly of linear sand ridges
but there are some lunettes and parabolic forms.

The most southerly duncficld, the lkina Duneficld,
is part of the Kododo Duneficld of Smith (1976%).
Both the field and individual dunes trend NW to SE
between the Corrobinnie Depression (Bourne er al.
1974, Binks & Hooper 1984) and the SW margin of
the Gawler Ranges from near Yarranna Hill o the
vicimty of Mt Sturt. Within the Corrobinnie
Depression, coinplex parabolic lorms are  well
developed. In the vicinity of Mt Centre, lincar sand
ridges trom the Ilkina Duncficld diverge ESE and
extend across narrow plains and valleys between the
voleanic uplands and extend into the hilly areas to form
the Scrubby Peak Dunefield (Fig. 1b). In both the N
and 8 arms ol this dunefield there are departures from
the general ESE trend as a result of topographic
interferencc with the airflow. Both crestal transverse
dunes and climbing and falling dunes result from such
topographic effects.

Dune morphology

Linear dunes

Linear sand ridges dominate the duneficlds within
the Gawler Ranges (Fig. 3). These linear forms trend
WNW to ESE in the W and latitudinally further to the

Gawler Ranges, South Australia. Field of view in foreground approximately 5 km.
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E. In places, e.g. near Mt Qranite (Fig. 4). funnelling
of the wind has produced dunes aligned at various
angles Lo the regional trendd. The linear dunes vary in
height, length and linear frequency, 1€, the number
of sand ridges per unit distance measured normal to
the dune trend, The maximunt height of the dunes
varies from 5-15 m above the interdune corridors. They
vary in length from a few tens of metres up o 20 km,
none extends unbroken for many scores or hundreds
nf kilometres as do some of the sand ridges of desert
plains such as the Simpson Desert (Woplner & Twidale
1967, 1990; Twidale 1981). The lincar frequency of the
dunes varies between two and six per km  The
interdune corridors ire sand coverad. Most of the duncs
are symmetrical, with smooth crests which rise and
fall w form peaks and saddles. The slopes are gentle,
considerably less than the angle of repose of the sind.
No deposiuonal structures and no slip faces have been
noted. The dunes carry a covering of low shrubs and
small trees, though little or no soil development 1%
apparent and there 1s, today, only occasional and minor
reworking of the sand by wind and water, The dunes
are relic according to the classification of Livingstune
& Thomas (1993).

FPurubalic dunes

Groups of parabolic or U-dunes occur within the
limear duncfields. Most of the parabolic dunes vecur
outside the Ranges, and notably in the Corrobinnie
Depression (Bourne er al. 1974), though there is a W-
E zone within the Moonaree Dunefield and patchey
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Fig. 4. Schematie diagram of linear dunes oriented NW
SE. and irregular patterns of linear and transverse dunes
due to topographic inlerference to the wind near Mt Grinite,
Gawler Ranges, South Australia (from aerial photographs,
Department of Lands, South Auvstralia and 11100 000
National topographic map senigs). Not all dunes are shown
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of parabolic forms oceur within the Piccadilly and
Beacon dunefields. Although many of (hese dunes are
complex in plan form, with transverse, rake-hke and
circular patterns well developed, the basic unit is a U-
shaped dune about 8 m high and with the open end
of the U pointing fo the W (Fig, 5),

Climbing and falling dunes

In the Gawler Ranges most of the dunes are
developed on broad valley floors between the
bornhardts. In some areas. however. linear dunes
penetrate into the hilly terrain and suffer modification
as a result of funnetling and diversion of the wind (Fig.
4). In other areas, the dunes extend over the bormhardts
On the reasonable assumption that the sand migrated
southeastwards, dunes piled against the windward
(northwestern) slope of a hill are termed climbing,. or
rising, dunes; where sand has overridden the crest of
4 hill and extended on 1o the leeward (southeastern)
slope, falling, or hanging, dunes are formed (Fig. 6a).
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Fig. 5. Linear and parabolic dunes of the Moonaree Dunefield
15 km south of Lake Everard H.S. (from serial photographs
Department of Lands, South Australia and 17100 000
Natianal opegraphic map series),

|

Fig. 6a_ Echo, climbing and falling dunes (afier Mabbutt
1977). Arrow indicates direcuon of the wind, A. Linear
dune not anchored by topography. B. Linear dune rising
over topographic obstacle, C. Climbing (1) and falling (27
dune. D. Echo dune,
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These dunes have nol been studied in detail in the arid
mountains of Australia, although dunes which arguably
ascend cliffs have been studied in the coastal context
(Jennings 1957 Langford-Smith & Thom 1969).

Climbing and falling dunes are known from various
parts of the world. for example from periglacial Finnish
Lapland (Seppula 1993), coastal west Galicia. Spain
and NE Spmn (Cros & Serra 1993), but nost
previously published reports pertain to warm desert
environments, e.g, Califorma (Evans 1962; Smith 1967
cited by Bender 1982, Anders 1974 cited by Bender
19825 Lancaster 1994), Colorado (Johnson 1968),
Idaho (Kosciclniak 1973%), Arizona (Greely & Iverson
1985) und Utah (Alhbrandt 1979), all in the United
Sttes, where most are imactive, veneered by gravel and
dissected by ephemeral streums (Smith 1982), nerthern
Mexica (Stone 1967), Brazil (Bigarella 1975, 1979),
Egypt and Jordan (McKee 1979), the Sinai Peninguls
(Ahibrandt 1979), the Sahara (Smith 1954) and the
centrul Namib Desert (Goudie 1972). They are alsa
found in the eastern Flinders Ranges, South Australis
(Green 1994%), near Port Stephens and in the
Shoalhaven River area in New South Wales (Thom e
al. 1994), on the Erldunda Range 160 km south of Alice
Springs and on the narthern margin of the Simpsun
Desert where dunes override some of the fatitudinal
ranges. Greeley (1985, Fig. 7.39) illustrates a field ot
climhing dunes drifting over the rim of @ 16 km
dismeler crater on Mars.

In the Gawler Ranges climbing and falling dunes
occur in three areas. First, examples were noted by
Smith in the Scrubby Peak Dunefield (1976; Fig. 6b,
), Second, Giles (1980°) remarked that sand dunes
encroach on to the slopes of ML Sturt. Sand from the
{IKina Dunefield has accumulated on the NW slopes
of Mt Sturt (the western peak) and forms an irmegular
mound along the buse on its SE uide. Third. climbing
and falling dunes ar¢ common in the Moonaree
Dunefield E of Lake Acraman, where small dunes
rending W-E are gssentially restricted o the plains,
though they partially override many of the bornhardis
(Fig. 6d).

In the Scrubby Peak Dunefield, some linear dunes
have been diverted around the major volcanic hills (Figy
4, 6b,c) bur elsewhere, especially where the relief is
lower, the dunes traverse hill and valley alike. The
dunes ascend the lower hills (in general terms those
that stand less than some 40 m above the adjacent valley
floors) without significant interruption of form and are

SKoscipuniak, D, E. (1973) Eolian deposils an & voleanic
terrain near Saint Anthony, Idahe. MA thesis, University
of New York (Unpub,)

AGRrERNE, S, J, (1994) A peomarphological and sedimento-
logical study of a climbing dune, northern Flinders Ranges,
South Australia. BA (Hons) thesis, University of Adelaide
(Unpub.)

"GiLes, C. W (1980) Spring Hill, southern Gawler Ranges.
Geol. Soc. Aust. § A Div. Geological Monpments- 111, File
E 20 (Unpub. )

classed as climbing dunes. In some instances the dune
is diverted around the fanks of the hill and continues
downwind (Fig. 6b). Elsewhere. the dune form s
interrupted, for although there are many grains and
even small pockets of sand in fissures and shallow rock
basing on the crests and upper slopes of the hills, there
is o dune form; a short distance downslope lrom the
crest, however, the dune form is resumed 0 falling
dunes 3-4 m high (Fig. &c),

Transverse dunes

Lo the Serubby Peak Dunefield funnelling of the wind
has produced dunes of varied orientation, In this part
of the Gawler Ranges elongate bornhardts are aligned
essentially N-5. Sand ridges also aligned N-S are
located in the valleys between the bornhardts. There
are some W-E dunes which override the bornhards
and, in addition. N-S trending elongate duncs are
located just below the crest on the lee side of these
hills (Figs 4, 7). These crestal dunes are tentatively
classified as of Iransverse type.

Lunetres

Lunettes are developed alang at least part of the ¥
side of mast of the lange sahinas and many of the smaller
playas in the region (Fig. 1c). Lunettes are transverse
dunes located on the leg shores of lake basins. The
name “luncne” was first applied o the form by Hills

! . ‘\.‘:1 . S o N
LU e
PN N N Dy o

DR W :\ P iyt (1) ’
LN ¥ W
A N e -
=Ty e
{ B "N \ 2
Cimbary Ly VI, = Ve
dune (2} \ . N SN
v s\
1% Hamin sie : [
Nj Hillie CGawlor Bangn wiranics,
[ ] Sund dune v
Talling "
s (¥
B e - S50
o = F
T s U S
w - ¥
cresl
e
P
’/ X" o
ny N
— x‘«K::.,_7
y Z

Fig. 6b, Scrubby Peak area, Gawler Ranges, South Australia.
showing diverted dune (D), chimbing dune (C) and falling
dune (F) (from 1:100 000 National topographic map series).
The dune-forming winds were from the northwest sector
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Fig. 6c. Diverted dune (D), climbing dune (C) and falling dune (F), Scrubby Peak area, Gawler Ra
View to the north. The hill stands about 25 m above the surrounding plain.
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Fig. 6d. Climbing and falling dunes, Moonaree Dunefield, Gawler Ranges. South Australia. Note that the falling dune,
on the near side of the bornhardt, resumes in a topographic embayment. Field of view approximately 2 km.
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(19407 who described lunetres of silty-clay
compositions  [rom NW  Victoria.  Subsequently,
Junettes ar various sizes und mineralogies have been
reparted from all states o Australia. They range in
composition from guartz-rich o clay-rich 10 almost
pure gypsum. The sandy guartz-rich dunes were
lormed hy deflation fram beaches on the luke murgm,
The clay-rich dunes were derived by deflation of clay
apgregates fram the saline lake floors. The gypsum
dunes are composed gither of rounded crystals deflated
fram the dry lake bed or af fine ‘kopil, some of which
may be due to weathering of saltates! pariicles since
deposititn (Stephens & Croeker 1946; Campbell 1968:
Bowler 1968, 1983, Chen ef wl, 1991).

Il the Gawler Ranges area lunenes of gypscous
caomposition oceur on the castern margin of lukes
Fverard. Harris, Acraman and of many of the smailer
salinas, Both gypseous and stheeous lunettes are found
on the castern side of Lake Gairdner. The mosi
prominent siliceous lunettes are Incated opposite the
dunefields which impinge on the W side of the lake.
Both dunefields found E of Lake Gairdner, Lhe
Piceudilly and the Beacon, are developed i (he lee
of these prominent siliceous lunetles, The lunette on
the NE margin of Lake Gairdner nses about 35 m
abave the lake bed. Much of the surface 15 bare and

erosjon by wind and water hus created a senes of
damicul remnants. standing 3-4 m above gentle swales,
ln addition, luneties consisting predoniinantly of
fragments of Gawler Range Volcanics of sand size
oceur discontinously along the margin of Lake
Gairdner (Fig o).

Sedimentology

A total of 16 sand samples, cach from the crest of
4 dune, and ineluding at least ane from each ol the
dunefields in the Gawler Ranges province, wis
examined 10 derrmine composition and  graln
marphology (Table 1) and grain size and reluted
parameters were detenmined using 0,5 phi standard
sieyes.

The sarud samples are all various shades of yellow-
red (2.5 to 10 YR Munsell Soil Colours). All samples
consist of at least 90% . and most more than Y89%
quartz grains. The minog consttuents are quart tock
leldspar, Gawler Range Volcanics fragments. Tiron
oxide and organic matter. In most sampley the grains
are predominantly frosted, but some are polished
Samples from two dunes in the Serubhy Peak Dunefield
show higher percentages of polished griums. Grains
from all samples show lerruginous coatings of yellow,

Fig. 7. Transverse crestul une, Scrubby Peak Dunefield. Gawler Runpes, South Australia. View w the south to the Carmbinmie
Diepresson, The erestal dune 1s abour &8 m high.
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TabLe 1. Composition and grain morphology of samples from dunefields in the Gawler Ranges, South Australia.

Sample Dude type  Colour' Composilion®  Surface Surface Roundness®  Sphericity
texture’ coaling* -
Beacon Dunefield
| linear 2.5YR 5/6 quartz 95% 85% MF Y, O, R, B. SR-SA. high.
(1.2,3,4.5) 5% P few R some elongate
Ficcadilly Dunefield
2 linear 5YR 4/6 quartz. 99 W% MF Y. O SA-SR., high,
(1,2,4.5) few P few R some elongate
3 parabolic SYR 5/6 quartz 99% 9% MF Y, 0 SA-SR.. high.
(4,5) few P few R, WR some clongate
4 linear 25YR 48 quariz 99% 95% MF Y, O, R SA-SR, high,
4.5) few LF few R some elongale
tew P
5 linear 25YR 48 quartz 98% 9% MF Y. R.B SA-SR . high,
(1.%) 2P fow R some elongale
Hiern Duncteld
6 linear AYR §/6 quarlz 99% 98% ¥ Y, O SA-SKR. high,
(1.4.5) 2% P few WR some elongate
7 irregular SYR 5/6 quartz 99% 95% F Y. O SA-SR. fngh,
(4.5) 5% P few R some elongale
8 linear T5YR 6/6  guartz 99% 95% MF Y, O SA-SR, high,
(1.4.5) S%P few R, WR some elongate
9 linear SYR 5/8 quartz 0% 0% F Y, O A-SR moderate,
(1,3.4.5) 0% p some R some high
Mouvnaree Dunefield
10 lincar 7.5YR 5/6  quartz 98% 90% LF Y. O SA-SR. high,
(1,4.3) 10% P some A, R same elungate
1 irregular 7.5YR 56 quartz 99% 95% F Y, O SAR, high.
{4,5) 5% P few WR some eloagate
Scrubby Peak Dunelield
12 linear T5YR 516 quarte 95% 95% MF Y, R, B SA-SR, high,
{1,4,5) 5% P few R, WR some clongate
13 lineur 10YR 5/4 quartz 99% 0% MP Y, 0 B SA-SR, high-nioderate,
1,45} 30% SF some R some elongate
14 lincar IOYR 6/4 quarlz 9Y9% 30% ¥ Y. 0 SA-SR, high-moderate,
(1.4,5) 50% F few R some elongate
15 linear TS5YR 4/6  quartz 98% 98% 1 Y. 0 SA-SR, high-moderate,
(1,4,5) 20 P fow A, R some elongale
Gking Dugcficld
16 lineur 7.5YR 6/6 quartz 98% 709% LK Y, 0 R SA-SR, moderate-high.
(1,3,.4) 30% P few R sume elongale

:Munsell Suil colours.

“Minor constituents in brackets: [i quaniz tock. 2: feldspar. 3

Y froxted. P.opolished. M: moderately. L: lightly,
1Y: yellow. O: arange. R: red. B: brown.

: Gawler Range Volcanics. 4: ?iren oxide. 5 organic material.

’SA: subangulur. SR: subrounded. A: angular, R: rounded. WR: well rounded

and less commuonly orange, ted and brown, material,
The grains in all samples are predominantly subangular
to subrounded, with small amounts of angular and well-
rounnded grains. High to moderate sphericity is char-
acteristic, with most sumples containing some elongate
grains.

The dune samples are all fine to mediwn grained
sunds (mainly 0.125 o 0.5 mm diameter - Folk 1968).
They are well-sorted to poorly sorted, with most
samples moderutely well-sorted.

Age of the dunes

The sand of the Gawler Runges dunes is typically
ayellow-red colour (Tuble 1), snggesting sufficient time
for initial weathering of clay, release of iron, and
development of a fain! fermiginous patina. 'The sand
is not the brilliant red of the deserts of central Australia,
nor the dusky red (IOR 3/4 Munselt Soil Colour) of
the sand derived from the local Gawler Range
Voleanics. Some authors would attribute the contrasting,
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colour 1o different source materials (Wasson 1983
Nunson et al. 1992). Others, e.g. Woplher & Twidale
(1967) and Walker (1979) consider that the intensity of
the ted colour increases with time and hence s an
indication of the age of the dunc.

In ain atiemnpt 10 attain a more precise eslimate of
age, sand from the Scrubby Peak Dunefield was 1ested
for thermoluminescence (TL). Samples were taken
from a falling dune on an unnamed hill (National
Topographic Map Series Minnipa 5932, 1:100 000,
Grid Reference NE3I60IR) 1.5 km E of Scrubby Peak
(Fig. 6b). The method was a variation on the “partial
bleach” method developed tor the TL daling of
sediments by Wintle and Huntley (1982). The age 1«
estimared by measuring the TL energy stored in the
lattice of a suitable mineral, n this case, guanz. The
time interval measured is the time since the stored
energy Was last resel 10 z2er0 o near zero by exposure
to solar ulfra-violet radiation. After such a re-setting,
cnergy accuwnulates again at g known rate by exposure
o midiation in the environment from the natbrally
radioactive elenients K, U, Thund from cosmic rays
The age 1s found from the so-called age equation:

age = natural TL

TL per unil dose x dose rate.

Surnples wete recoveéred from depths of 35 and 70
crm within the dune by means of an auger, taking care
10 shicld the sample from light during and after
collection. ARer digestion with 20% HCI 10 remove
carbonates and NaOH 10 remove clay, the 90-125 um
Irscton was recovend by sieving. A 40 minute etch with
40% HF removed feldspars and a surlace Tayer of the
yuarlz,. Flotaiion on aquenus sodinm polytungstate al
i relative density of 267 followed: the end product
was very pure guartz and it is on this samnple that the
measurenents were careied o

One of the problems with TL dating of sédiments
15 uncertainty atwwr the degree o which the T was
reset at the beplaning of the nme af interes . 1t 15 mire
for e TL o ke removed completely, even by
projonged exposuce W sunlight. Moreover, the amount
of refwe Tl varies from sample (o sample and muy vary
with the age of the sample (Betger 1990), In the present
Isestigation, 1t was lband 1hat the accumulated TL
wis smll so (Tl any uncertginty in the degree of
resefting would resultin significant uncertuinty m the
age. The level of resetnmy ways found from @ surfuce
sumple collected hy pressing packing tape against the
exposed dune sirface This showed that the TL clpck
had not been completely reset o zero in gpate of Uie
long time likely 1o have been spent an Ihe sun by the
sample in reaching s presem position. Under ese
circumsiances special procedures are nevessary. ue
described by Preseor and Mojarmabs (1993 They nske

use of the tact that many quartz samples have a so-
called “rapidly bleaching” peak (RBP) at 325°C in the
thermoluminescence glow curves, which bleachey Lo
near zero within a niatter of minutes when exposed
to light of wavelength longer than about 500 nm
(Spoaner e al. 1988). This means thut exposires of
the order of minues © natomal sunlight in the
environment will have ensured that the trap concerped
had been emptied completely and that, at least so far
as the 325°C peak is concerped, the TL clock aof the
sediment was completely reset at the time of
deposinion. Inaddition, this peak emity in a wavelength
hand ceptred near 420 am, $o that an opheal filler
transmitring this band will be selective for the peak
in question (Prescott & Fux 1990; Scholefield ¢f al.
1994), The 325°C peak rides on an unbleached
background, which is measured und allowed far by the
procedures, The surfuce sample nientioned above hil
zero TL when measured with the revised procedures.

The TL is expressed in terms of an equivalent dose
mcasured in grays (Gy). The equivalent doses are: o
the 35 e sample 1,24 £+ (.20 Gy; and for Ihe 70 cm
swample 1.53 £+ D.25 Gy, The dose rate has been
measured by three essentially independent methods
(Hutton & Prescott 1992). They are. with the relevam
dnse rates in brackets: fn sitn gamma ray specirometry
(0.153 + 0028 Gy ka'), thick source alpha counting
for U and Th with X-ray spectromelry (XBS) for K
(0,142 & 0029 Gy ka'); and delayed neutron analysis
(DNA) for U. neutron activation analysis (NAA) for
Th with XRS for K (0.168 + 0041 Gy ka'y The
weighted average is (1152 =+ 0010 Gy ka' for both the
35 ¢m and 70 cm sapples.

Contributions for cosmic rays must be included.
These are 0,21 4 002 and (VI8 £ 002 Gy kn' for
the 35 and 70 ¢m samples respectively (Prescott &
Hulton 1988, 1994). It is worth noting that cosmie rays
dominate the dose rate baeguse the levels of K, U and
Th are so extremely low (K- 004 £ 0%, U 022
& D06 ppmy, Th - 10 £ 0.4 ppmb. Owver the tme in
guestion, changes 10 cosme ray  andenslicy are
negligible (Prescott & Hutton 1994,

The dose rates are .35 = 003 Gy ka' ot 35 ¢m
and 0.33 = 003 Gy ka' ar 70 ¢in, A comribution
from systematfc errors has been added, Hence, The age
of the 35 em sample is 37 = 07 ka and nf the 70 ¢m
sample 4.6 £ 0.9 ka. Although the decper sample has
the preater TL age, the two ages are nat sialisteal ly
difterent and prohably all that can be concluded is thie
the dune has beenoan place far abont 4 ki

This age is based on o single sevies of dawes [
une dune, Obviously, mare age detetminations are
required. Nevertheless, the puale colour of the sund,
to which previous reference has been mpde, and the
lzek oF any carbonate aecumulations in the dunes
fdespite its avaalabiling ) ade sugeestive of a youlhful age.
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The general appearances are consistent with the TL
dating in suggesting that the Gawler Kanges dunes ars
vounger thun the putative Late Pleistocene relic forms
of NW Eyre Peninsula (Twidale er al, 1976) and are
comparable 1o the Holocene formy of that area (Runkin
& Flint 1991) and of the Simpson Desert (Woplner &
Twidale 1988, 1990). Nevertheless, the age
determination obtained is for the uppermost layers of
a dune and there is no evidence of the age of the sand
at the base of the dune,

Origin of the dune sand

As mentioned previously, the provenance of the sand
in dunefields, whether it 1 of local derivation or far-
travelled 15 controversal. The question can be clanfied
by a consideration of the sedimentologic charcteristics
of the dung and other sands, In the Gawler Ranges
province, a local origin of the dune sands 15 preciuded
by their composition and granulometry as set out in
Table | For example, the Scrubhy Peak Dunefield
overlies outcrops of Eucarro Dacite, and Yardea Daciic.
with small arcas of Yannahie Rhyodacite, Pancy
Rhyolile and, at the base of the Yardea Dacite, "black’
dacite (Blissert er wl. 1988, Fig B). The microscopic
groundmass of the volcanic rocks is rich in quartz, but
the grains are much smaller than those of the dune
sands. There ate no quartz phenoerysts in the dacite
(Blisselt 1986). No quartz of a size equal Lo, of greater
than. that of which the Scrubby Peak dunes are
composed (and hence susceptible (o attrition to produce
sand-sized grains) could be derived from the Yardea
and Eucarro dicites which are the country rocks over
which, overwhelmingly, the dunefields have extended.
No lakes ar streams which might conslitute a possible
source of sand in the dunes are known tfrom within
the province.

If it is accepted that the dunes of the Scrubby Peak
and other dunefields of the western Gawler Ranges
exlended from the W or NW, then there are three other
possible sources of the guartz sand.

First, there are vutcrops insthe western Gawler
Ranges ol Yannabie Rhyodacite and of Paney Rhyolite
(Fig. 8), both of which contan phenocrysts of quartz
of a size equal 10, or greater than, the dune sand (0.2
to 20 mm in didineter - Blissett (986). Similarly, and
second, granite with abundant coarse quartz crystals
crops oul to the west of the Ranges (Blissett et al.
1988). But difficulties attach {o these outcrops as
soutees of the dune sand: they are of limited extent
(uhout 60 km? compared with the 300 km? of the
Scrubby Peak Duneheld}; and it can be guestioned
whether they could produce a velunie of quartz. sand
compatible with that represented by the total of the
dunes, Alsa the outerops do nol extend across the width
of the dunefield, so that the spread of sand from them

calls for varied strong winds, aod lor distribution
topogruphically  difficult terrain. Moreover, the
dunefield extends westwards, i.e, windwards, of the
outcrops in question (Fig. &), Against these arguments,
the Gawler Range Volcanics form a regiomal basin
structire so that before erosion to their present
occurrences, the guartz-bearing members could have
extended forther m the W, In addition, the former shape
and size of these members could have been very
different from their present representatives. But, on
the evidence, the rhyodacite, thyolite and granite
outerops of the western ranges and adjacent areas do
not seem likely sources of suitable quanz sand.
The third possiblity 1s that the dune sand has been
derived from the Corrohinnie Depression. This nuns
in 4 NW-SE direction wesi, and therefore windward.
of the dunefield and contains detritus derived from the
granite areas o Lthe S. W and N as well as frof the
Gawler Ranges. It containg quartz comparable in size
and character to the dune sand of the Scruhby Peak
Dunefield (lne-grsined, moderately well sorted,
typically subrounded, frosted snd coated with iron
oxide - Gostin pers. comm. 1993). Itis concluded thit
the dune sands of the Scrubby Peak Dunefield cannal
have been derived from the disintegration of the Gawler
Range Voleanics, but rather have been transported an
the wind fram the Corrobinnie Depression, & distance
of at least 30 knr. Evep if derived trom the thyolite,
rhyodacite @nd granitic outerops. the sund must have
travelled 25 kny 1o cross the zone of ducitic bedrock.
Given the wind regime, the northern arm of the
Scrubby Peak Duncfield (X in Fig. 8) could only have

Fig. 8 Scrubby Peak Dunefield, western Gawler Ranges,
South Ausiralia. illusirating bedrock type and possible
sources of the dupe sand, X, Northem arm of the
Dunefield, Y. Nearest upwind vuicmp of thyolie/rhyo-
dacite. ED. Hucarro Dacite. YD Yardea Duacie R
Rhyohile. RD, Rhyodacite, See text far explunation. Aftes
Blisselt ¢f al. 1988,
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anginated i the rhyolitic/gramtic outcrops indicated
by ¥ in Pig. & or from outcrops further westward

Whether this would be considered fr-travelled s 2
matter of definition, but the sand 15 certanly not of
local denvation,

Mechanism of dune formatinn

Prevailing winds

It is suggested (see below) that the dunefields af the
Gawler Ranges have been shaped hy winds frons the
western sector, This s consistent with e puatosive
source of the sand of which the dunes are constructed
(see below). The relic linear dunes m the south of the
Gawler Ranges, which possibly formed o lae
Pleistacene times, extended from NW o SE acioss lhe
northern base of Byre Peninsula, for they extend an
to the western shores of salinas such as Lake Agars,
but not on {0 the eastern shores (Twidale & Campbel|
1985). These NW-SE dunes also extznd well below
low tide level between Cowell and Whyalia (Van Deur
1983) but only in minor degree on the eastern side
of the Guif on northweslem Yorke Peninsula, where
the acolian forms were deposived during o phase of
nising sea level and where the dunes are truncated by
wave action at the coast (Jessup 1967, 1968). This 15
consistent with @ wind regime domnated by norih-
westerlies.

In addition. at Lake Gairdner, the luneues of the
eastern shore are much more substantial than those o
the western and, as the luneties are comparable o
copstal foredunes (Campbell 1968), this supporis a
westerly wind regime. Also, the huge Late Pleistocene
calcareous aenlianite foredunes of west-facing shores
in South Australia (e.g. on Eyre Peninsula) dwarf their
east coast coumerparts. Thuy, there i< evidence of a
predominantly westerly wind regime in the Gawler
Ranges and surrounding arcas durlng the penwd, or
periods, of dune formation.

There is, however. an anomaly berwesn the presear
wind regime, as ilfustrated by the wind rose for
Nonning (Fig. 2b) and the presumed wesmorly wind
of dune fbrmation, since the wintes sand-sroving winds
blow from the westsrly sector, whereas the summer
sand-moving windy are [rom the SW, S and SE, If is
presumed that most of the sand movement would lake
place in summer cnder hot and dry conditions. with
only minor transpart in the matst. coal and vegetated
winter conditions. Bur, il there were only a slight
latitudinal migeation of clunatic 2ones during the period
of formation of the dunes, as suggested for example
by Mabbutt (1977) and Sprigg (1979), then the region

& Van DEvr, W 1 (1983) Submemeed dunes of northeastern
Eyre Peninsuly, MA thesiz University of Adeliide
{Unpub )

would have heen inflienced by summer rainfall
miaxima which would reduce sand movement during
thal season, On the other hand. dry winter conditions
would be saitable for the evidenced transport of sand
by westerly winds. The lack of compatibility between
Uune onentation and wind direction remains a problem.
But assumning a wWesterly wind regime, what factors
are important in the formation of linear dunes? Why
do parbohc dunes develop? How do the climbing and
falling dunes fornn, and why do same of these forme
contnue across the crests of the hills, whereas others
terminate on the upwind side oaly (v resume on the
lee slape” How are the transverse dunes formed?

Littear dieney

The argin of linear dunes 3s sG] debated (Cooke
et el 1993}, Where the dunes have been closely
exrened, as i the Simpson Desent. these sand ridges
appear w display the same range of marphology, and
mternal  structures  and temporal  variations  in
asymmetry, indicative of formation ender =
bidirectional wind regime (McKee & Tibbetts 1964;
Wopfrer & Twidale 1267; Brookfield 1970; Tsea 1990,
1993) The lincar dunes of the Gawier Ranges,
however. developed in an upland setting rather than
of desert plains. The canfined valleys olght, in theory,
13 funnel the wind and hence w be conducive to =
vpidirectional wind regime, but bidirectional winds
could be cither dominant or be superimposed o
unidirectional effects. Na struciures have been observed
within the dunes and, though this may reflect absence
of deep expositres as much as any diggnostic factor,
it 1o ot possible to state whether the dunes have been
shaped under a unidirectivnal or 2 hidireetional wind
TEeRime.

Judgang fmom the nrieaanon of the linear dunes in
the Gawler Ranges, the sirflow was apparently
disturbed by the hills of [he provinee and was funnelled
alang valleys. The hills induce 2ones of increased and
of decreased sir flow arcl of enhanced turbulence. The
dunes that are diverted aronnd flanks of hills alsa reflect
topographic control of the wind. The changes in dune
nrientation and morpheiogy herween, on the one hand,
the Great Vicioria Desert. and, on the other, the
Gawler Ranges, are due w several tactors, First, the
westerly. winds are diverted along the valleys. The
linear dunes are not everywhere parallel with the
regional 4ir flow, as is characreristic of dunefields on
plains but their orientacan is. in part. determined by
the Toeal wind regime. Second, sand supply decrenses
withan the upland where the silicic voleanic rocks
weather less readily than Jo the granites to the wesl
and, an particular, the supply of quartz grains is
reduced. Third, sand movement is impeded as a tesult
of e preserice of near surface motsture, held either
in valley alfuviam or in rock fractures, and consagquent
vegeration growtls.
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Because of the lack of observed smuctures i the
dunes, the uncertainty aboul the relatioaship between
dune morphology and wind reginie amnl the fact thit
the dunes are relic and possibly related o different
wind velocities, wind dircctions ol ranfall amoeuars
and distributions, the classificaron of the dunes as
linear, i.c clongate forms aligied in the direction of
the dominant sand woving winds, 15 wenkilive.

Parabolic dunes

‘The occurrence of parswolic rther than linear dunes,
can be explaned as follows, I the Cormobinnie
Depression to the S of the Gawler Rarges (Bourme e
al. 1974) and elsewhere |McKee 1966, Wasson ¢f al
1983) parabolic dunes are located in Jow lying arcis
characterised by an abundant supply of sand and by
proximity o groundwaters, which leads o the luwer
parts of the dune being stabilised by moistare and
vegetation. This allows the higher zones of sand o be
transported downwind o give blowouts or 1 cunes,
In the Gawler Ranges area the peraholic dunes ocour
only in wide open valleys and on plains, for cxample
in the western Moonaree Dunefield and in patches in
the Piceadilly Dunefield. However, tlicy arc not
necessarily restricted (o the towes! parts of these
valleys. On the availabic evidence and as indivaied on
the 1.100 000 topographic mp with a contour ixierval
of 20 m. the W-E belt of parabolic dupes wn the
Moonaree Dunefield is sharply dehmited on the
nonthern side by a belt of linear duney and, less sharply,
on the southern side by dune-free plains, The parabol
dunes override low N-8 rmes in the valley and Linear
dunes oceupy some low-|ving areas in the morthen part
of the dunefield. Thus, in addition to stabilisation by
vegestion and an abundan supply of saml, parubolic
dune formation may reguire a eritical wind velocaly
such a¢ is attained only s wide valleys and on plains.

Climbing and falling dienes

‘The climbing and fuliing dunes are 8 pamcubar
variely of linear dune which rise and descersd
topographic obstructions when: the lcal wing is strong
enough to carry the avadlable sand grimms wp end over
the topographic nses. The wind velogiy 15 appareally
reduced on approaching the pbsracle amd depusinun
of sand occurs, Many of the bounding slopes of the
bornhardts are gentle (about 5-127) and reverse eddy
flow 15 generally not developed, and bence el disties
(Tsoar 1983; see also Fig. bu) are nod fourd windwinl
of cliffed obstacles. Where e supply |s sufficient,
sind accumulites until the dune reaches the Teight of
the obstruction, Where the bomlsardt s low (in the
Gawler Ranges <40 i) the dune exwends on o and
over the crest as a climping aml Glhog dune. Where
the bornhardt is high (=46 m), the dune S inay
be discontinous though sand is carried nmow the crest,
as evidenced by grains trupped in basins and crevices,

Downwind of the obstucte, however, there 15 & zone
of reduced wind velocity and sand deposition and dune
formation occus. There may be further funnelling of
Ihie sand to the lee of the obstacle where the falling
dune is resumed in a topographic embayment (Fig. 6d).
The contrast between those linear forms that continue
unbroken over crests of bedrock hills and those m
wlich the climbing and falling components sre
separated, evidently reflects the Bernouillyeffect (Pye
& Tsoar 1990).

Transverse dunes

The wansverse dunes of the Scrubby Peak Duneficld
occur immediately downwind of the Corrobinnie
Depression, the presumed source of the sand, and
where the sand supply is abundant. The bornhardis
in thig rea sfand aboug 10 m above the level of the
plain, ferm N-S trending ridges and the bounding
slopes are generally 5-10° with some as stegp as 18°.
The plain is sand eovered. with linear dunes of varied
vrientation. hut generally NW-SE where there are nu
topographic obstacles, N-5in the valleys and W-E on
the bornhardts rises (Fig, 4). Some of the N-S linear
dunes override topographic obstacles and hence ure
classed as climbing and falling dunes. The W-E
transport of sand across the borphardr rises also
explains the presence of sand in the valleys. However,
some of the dunes are imiled to the upper slopes of
the barnhardis and are located immediately to the lee
of the crest of the bornhardts (Fig. 7). Although they
may be linear dunes formed by winds {rom a northerly
or southerly direction, in which case they do nol
conform to the pattern of dunes throughout the region,
it 15 more Likely that these crestal dunes are fransverse
1o the originating wind. It is suggested than the sand
| these transverse dumes was driven up the windward
slope of the bornbandts and linle or Ao deposition
pecirred here due to accelecation of the air flow.
However, immediarcly downwind of the crest,
separation of the air flow and deceleration occurred
50 that deposition of sand eventuated. However, further
downwind, air flow accelerated and no dune formed.

It is suggested that in this area the dunes are a result
of twa different wind regimes: one « NW-SE wind tha
was deflected by the {opography and one a NW-SE
witid that was of sufficient strength t transport sand
aver the nbstacles.

Significance of lunerttes and salinas (1 sand supply

The lunetes located on the eastern shore of Lake
Gairdner evidently spawn fields of linear dunes in their
lee in w manner similar to that described from the
Simpson and other deserts (Twidale 1972, 1981). The
iransport of sand (o the salinas by rivers and the
formation of the lunettes are important influences on
sand supply and dune formation, Whether sand is
carried by the wind froas the W to the E shore of Lake
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Gairdner (somwe 30 k) has not been determined. No
dunes have been observed an the bed of the lake (1.
Andrews, pers. comim, 1994), though small burchanoid
turing have been reported on the bed of Lake Harns
(R, Major, pers. comm. 1992) Sand could be carried
by sultation across the salina Given the hygroscopic
character of the halite crust this may be difficult to
conceive, though Clarke (1994) described saltation on
some salinas in Western Australia and 5. Wells (pers.
comni. 1994) has observed grains saltating across a
salt surface in California. Alternatively, sand reaching
the W shore on the wind could be carried by wave
achion to the E shore during the occasinnal periody
when there is water in the lake (Campbell 1968),
though not from the lake bed unless the salt crust s
dissolved or otherwise removed. Small ephemeral salt
dunes, noted on the eastern shore of Lake Gairdner,
indicate the temporary redistribution of some of the
salt by deflation.

Conclusion

More data on the dunes of the Gawler Ranges
province are required before Grm conclusions can be
drawn concerning the origin and age of the varous
dune forms. The available infarmation suggests that
the variations in marphology depend, at least in pari,
on supply of sand, morsture confent of the substrate,
vegetation cover. wind speed and direcrion, und
wpographic imerference w the wind. The suggestion

that the lormation of parabalic as opposed © linear
dunes i5 dependent on an abundunt supply of sand and
fixing of the dune by vegetation omly partially explains
the distribution of these dune types in the Gawler
Ranges province; other factars are apparenily involved.
Chmbing dunes are a vanant of linear dunes and torm
in the zone of reduced wind velocity upwind of an
ohstacle where the slope of the obstacle 18 gentle and
does nor gerierate reverse eddy flow, Falling dunes are

assoctated with climbing dunes provided the sand

supply 15 sufficient They develop in the zone of
reduced wind veloeity to the lee of the obstacle, The
crestal transverse dunes are 350 due w deposition in
the zone of reduced wind velocity. Though the dunes
of the Gawler Ranges area are essertially relic and ure
now stahilised by vegetation. there is sand movement
during very high winds. The dunes were active ahout
4NK) years BP. The dunes of the Serubby Peak
Daunefield in the southern Gawler Ranges demanstrate
that here the sand has been transported by the wind
al lgast 25 km from its source.
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